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INTRODUCTION 
Sheep are seasonal breeders exhibiting estrus in the fal l  with the 
decreasing daylength. This characteristic limits the reproductive performance of 
the ewe. With the decreasing daylength, melatonin is produced by the pineal 
gland. This hormone is thought to trigger the onset of estral activity. 
The study herein attempted to alter this seasonal fertility pattern by 
subjecting ewes to artificial photoperiod and through the oral administration of 
melatonin ·and a melatonin ear implant. The lambs in this experiment were 
1 
born during late fall which is more favorable than the normal lambing season for 
the survival rate and growth performance of the lambs. Earlier lambing would 
also result in lambs being marketed at generally higher prices since these lambs 
would be sold prior to the influx of lambs from normal seasonal breeding ewes. 
Hastening the onset of the estrous cycle as was done in this 
investigation is just one way to increase the reproductive performance of the 
ewe. The literature review within this thesis will document several other ways 
the efficiency of reproduction can be increased. 
2 
Ll1ERATURE REVIEW 
In order for the sheep industry to continue their improvement of 
efficiency, they have to be able to be competitive with extensive beef, swine and 
poultry production methods. One important aspect of efficiency is the improve­
ment of reproductive rate. The reproductive efficiency of the ewe can be 
improved through the acceleration of growth and puberty, synchronizing estrus in 
the flock, increasing ovulation rate, improving fertilization rate and survival of 
embryos a·nd preventing periods of anovulation (Scaramuzzi and Martin, 1984). 
The acceleration of growth and puberty would enable ewes to become pregnant 
earlier in life which increases their potential lifetime performance. Synchronizing 
the flock enables the wide-scale application of artificial insemination allowing for 
genetic improvement. Low ovulation rate is the major factor limiting litter size 
and is a source of waste in the Australian Merino breed (Knight et al., 1975a). 
This can be partially overcome by manipulating nutrition (Knight et al., 1975b ). 
Improving fertilization rate and survival of embryos allows for a higher lambing 
percent. Finally, the reproductive rate can be improved by .hastening the onset 
of estrus which will be the main topic of the material that lies within these 
pages. Each of the hormones or substances which influence their secretion,. 
that 
control or influence the estrous cycle and ovulation in the ewe, represent 
potential s ites for manipulating the reproduction of ewes. These sites, the 
anterior pituitary gland, ovary, uterus and central nervous system will be 
described as well as the hormones (and substances influencing their secretion) 
involved with each site. The · roles of these agents in controlling estrus and 
ovulation in the ewe will also be covered. · 
THE ANTERIOR PITUITARY GLAND AND THE OVARY 
3 
The anterior pituitary gland and the ovary are two possible sites for the 
manipulation of reproductive rate in ewes. A functional relationship exists 
between the anterior lobe of the pituitary gland and the ovary. Facts supporting 
this became evident once the techniques for hypophysectomy were perfected 
(McDonald, 1980). The gonadotrophins are synthesized and stored in the 
anterior pituitary gland while the major endocrine products of the ovary are the 
steroids (estrogens, androgens and progestagens ), inhibin and oxytocin. Follicle 
stimulating hormone (FSH) and luteinizing hormone (LH) control the growth 
and development of Graafian follicles, ovulation, luteinization and luteal 
function. Manipulation of these hormones has been viewed as a simple method 
for controlling the reproductive rate of ewes. Kammlade ar:td coworkers ( 1952) 
reported that in 19�3 two researchers (Cole and Miller) were the first to demon- · 
strate that anestrous ewes can be caused to conceive by appropriate hormone 
treatments. Exogenous gonadotrophins, pregnant mare serum gonadotrophin 
(PMSG) and human chorionic gonadotropin (hCG) have been used to increase 
reproductive rate as well as FSH, LH, gonadotrophin-releasing hormone 
(GnRH) and luteinizing hormone-releasing hormone (LH-RH). The major role 
of the steroids is the regulation of the secretion of gonadotrophins and the 
expression of sexual behavior. 
Before discussing how the reproductive rate of the ewe can be 
manipulated by the use of anterior pituitary and ovarian hormones, it may be 
best to first examine the hormonal events occurring prior to and during the 
estrous cycle of the ewe. Regulation of the estrous cycle involves a reciprocal 
interaction between reproductive hormones of the hypothalamus, anterior 
pituitary gland and the ovaries (Beargen and Fuquay, 1984) . Concentrations of 
gonadal and ovarian steroids for the ewe are shown below (Fig. 1 ) . 
. Progesterone concentrations are high during diestrus. 
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Fig. 1. Hormonal changes in the peri� heral plcsma during 
the estrous cycle of the ewe tRevised from Bearden 
and Fuquay, t 984). . 
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A decline in progesterone concentration is a cue for the start of proestrus. FSH 
is reduced during proestrus in the ewe followed by a spike during estrus and 
another surge during metestrus. Small increases in LH and estrogen during 
proestrus are followed by dramatic surges near the start of estrus. Progesterone 
has a dominant role in regulating the estrous cycle. High progesterone 
concentrations inhibit the release of FSH and LH through their negative 
feedback control of the hypothalamus and anterior pituitary. Small episodic 
increases in LH that occur during diestrus may be a factor in maintaining the 
function of the corpus luteum. When progesterone concentrations decline, this 
removes the hypothalamus from its negative feedback inhibition. Pulses of 
GnRH, FSH and LH are then released more frequently and at higher levels. 
The more frequently that FSH
. 
is released, the faster the follicular growth and 
the higher the secretion of estradiol. Estradiol reaches the threshold 
concentrations that stimulate the large preovulatory surge of GnRH, FSH and 
LH two to three days after progesterone concentrations decline. With this 
comes more rapid growth of the follicle and greater secretion of estradiol 
through FSH. The preovulatory surge ·of LH stimulates final maturation of the 
oocyte and ovulation. Release of inhibin from the follicle controls the release of 
FSH which prevents over-stimulntion of the ovaries (Bearden and Fuquay, 1984 ) . 
A diagram depicting the relationship of these hormones is shown in figure 2. 
6 
Fig. 2. Relationship between the hypothalamic releasing 
hormones, gonadotrophins end ovarian hormones 
in regulating reproductive function (Bearden end 
Fuquay, 1984). 
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Changes in photoperiod can be used to induce changes in the 
hypothalamic-pituitary-gonadal activity in mammals (Turek et al., 1984) . There 
is good evidence suggesting that photoperiod has a role in altering pituitary 
gonadotrophin release by two processes (Goodman and Karsch, 1980; 
_
Turek and 
Ellis, 1981 ) . First, changes in day length altering the negative feedback effects of 
gonadal steroids on pituitary gonadotrophin release suggest the existence of a 
7 
"steroid-dependent" process. Second, pituitary gonadotrophin release can be 
altered by the photoperiod in the absence of gonadal steroids indicating a 
"steroid-independent" process is also involved. Changes in a hypothalamic pulse 
generator driving episodic LH secretion play a role in the control of 
reproductive cycles of ewes (Goodman and Karsch, 1981).  It is postulated that 
LH pulse frequency is a critical determinant of follicular development with high 
frequency pulses required for initiating the events which lead to ovulation. · Both 
external (photoperiod, which will be discussed in detail later) and internal 
(steroids) signals can govern the timing of ovulation by controlling the frequency 
of the hypothalamic pulse generator. The pulse generator produces a rhythmic 
discharge of GnRH which stimulates episodic release of LH from the anterior 
pituitary gland (Fig. 3). 
PULSE GENERATOR 
(fuvt-) 
f HYPOTH 
GnRH 
SERUM 1\. � 1\. 
· LH i"J"J"-
PIT 
Fig. 3. Postulated mechanism underlying 
pulsatile LH secretion (Goodman 
Kersch, 1981 ) . 
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Seasonal reproductive patterns in a number of species are due to 
photoperiodically controlled changes in gonadotrophin secretion. In the ewe, this 
is a seasonal variation in the ability of estradiol to suppress LH with estradiol 
being much more potent in anestrus. Negative feedback steroids regulate LH 
pulse frequency throughout the year, but the specific ones which serve this 
function change with season. In the breeding season when the photoperiodic 
input is stimulatory, progesterone holds LH pulse frequency in check, estradiol 
cannot. Progesterone determines the bi-weekly rhythm in ovulation responsible 
for estrous cyclicity at this time of the year (Goodman and Karsch, 1981). 
When progesterone is high, ovulation does not occur; when it falls, ovulation 
follows in three to four days. The inhibitory effects of estradiol control LH 
pulse amplitude and are expre.ssed, at least in part, on the pituitary gland. 
Figure 4 demonstrates the model for photoperiodic control of estrous cyclicity in 
sheep. The interaction between changing photoperiodic drive and potency of 
estradiol negative feedback to the pulse generator determines transitions 
between the breeding season and anestrus. Solid rectangles depict a blockade in 
the transition. The open rectangle depicts removal of the blockade. 
The alteration of the gonadotrophins through photoperiodic control can 
therefore be used to enhance reproductive performance. McNeilly and 
coworkers (1982) found that increasing the number of pulses of small 
physiological amounts of LH alone, is sufficient to induce follicular maturation 
during anestrus resulting in ovulation. 
BREEDING 
SEASON 
INDUCTIVE 
DAYLENGTH 
ANESTRUS 
Fig. 4. Model for photoperiodic control of estrous cyclicity in 
sheep (Kersch et al., 1984 ). · 
Steroids regulate the secretion of gonadotrophins. Gonadotrophins and 
steroids work together to control seasonal breeding. During the luteal phase, 
estradiol and progesterone inhibit the tonic secretion of LH and FSH (negative. 
feedback); but during the follicular phase, estradiol assumes a stimulatory role 
9 
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and evokes both estrous behavior and the large surge of gonadotrophins which 
induces ovulation (positive feedback) (Scaramuzzi and Martin, 1984). These 
actions of estradiol are inhibited by progesterone (Scaramuzzi et al., 1971 ). The 
actions of the steroids on estrous behavior· and secretion of gonadotrophins can 
be manipulated in a variety of ways. These include: the administration of the 
hormones themselves, antibodies provided by actively or passively immunizing 
the ewe against the steroids (Martens, 1980), administering synthetic agonists 
such as diethylstilbestrol (Robinson and Rearden, 1961), antisteroids such as 
clomiphene and tamoxiphen that act on steroid receptors (Fabre-Nys, 1982) and 
aromatase inhibitors which interfere with the metabolism of steroids (Brodie et 
aL, 1983).  
The secretion of LH during the ovarian cycle of sheep is governed 
primarily by estradiol which acts upon two functionally independent feedback 
systems, a negative feedback controlling tonic LH and a positive feedback 
governing the preovulatory LH surge. Therefore, one of the most instructive 
endocrine manipulations employed in the study of seasonal reproduction in the 
. . 
ewe has involved ovariectomy with estradiol replacement using Si.lastic capsules 
(Legan et al., 1977). Platt and coworkers (1983) wanted to determine. if tonic 
FSH in ovariectomized ewes is .seasonally inhibited by estradiol similar to LH. 
They noted that physiologic levels of exogenous estradiol in ovariectomized ewes 
inhibited both gonadotrophins (LH and FSH) during long photoperiods. 
1 1  
Estradiol depressed FSH to a lesser degree during the short photoperiod than it 
did during the long photoperiod. LH was not depressed during the short 
photoperiod. 
Progestagens have been successfully used to synchronize estrus in ewes. 
These have been administered both as implants and intravaginally for 12-14 days 
(Hafez, 1980). Exogenous progestagens prevent GnRH release ·which results in 
reduced release of gonadotrophins preventing estrus and ovulation until the 
progestagen is removed (Bearden and Fuquay, 1984). The highly potent 
progestagen, medroxyprogesterone acetate (MPA), also known as 6-methyl­
acetoxyprogesterone (MAP), has been used in sheep by several researchers 
giving oral doses (Gordon, 1983). Lindsay and coworkers, 1967 used forty or 
eighty milligrams per ewe daily over a 16-day period and recorded estrus in only 
58.3% of ewes. Other researchers (Evans et al., 1962; Hogue et al. ,  1962; Baker 
et al., 1964) have reported that fifty or sixty milligram doses over a 14-20 day 
period brought 87-100% of the treated ewes into estrus. These three studies 
(Evans et al., 1962; Hogue et al., 1962; Baker et al., 1964) were executed during 
the normal breeding season. Flurogestone acetate (FGA) has been used 
similarly to MPA but with. a higher 
success rate (Gordon, 1983). 
Exogenous gonadotrophins such as human chorionic gonadotrophin 
(hCG) and pregnant mare serum gonadotrophin (PMSG) have also ·been used to 
alter the reproductive rate of ewes (Scaramuzzi and Martin, 1984 ). Human 
chorionic gonadotrophin's action on the ovary is similar to LH. An injection 
mimics the preovulatory surge of LH so it can be used to induce ovulation. 
Radford and coworkers (1984) have reported that hCG injections during the 
luteal phase may increase ovulation rate. 
12 
Pregnant mare serum gonadotrophin also mimics some of the actions of 
LH as well as FSH. As early as 1945, PMSG was given alone to induce 
ovulation in the anestrous ewe (Thimonier, 1981).  Estrus was obtained in only a 
small percentage of females by Robinson in 1959. Progesterone is necessary 
first to obtain behavioral estrus (Robinson, 1959). Progesterone treatment alone 
given during anestrus is not sufficient enough to lead to an LH release (Pelletier 
and Thimonier, 1975) .  Induction of the LH surge is  necessary. A low dose of 
· PMSG results in a predictable synchronization of estrus which can have a 
favorable effect on the outcome of artificial insemination application. PMSG 
has been shown to stimulate follicular development in the rat increasing ovarian 
and circulatory levels of inhibin, an ovarian protein. Goodman and Karsch 
(1980) have co!lcluded that an ovarian factor other than estradiol and 
progesterone must contribute to the suppression of FSH during the ovine estrous. 
cycle. They found this factor to be inhibin. This non-steroidal hormone has 
been used by several researchers to actively immunize ewes ultimately resulting 
in increased ovulation rates (Cummins et al., 1983; Henderson et al., 1984). 
Henderson and coworkers actively immunized ewes with a partially purified 
13 
preparation of inhibin from bovine follicular fluid in an attempt to neutralize any 
circulating inhibin and monitored the effects on ovulation rate. They observed 
an increase in ovulation rate. 
Scaramuzzi and Martin (1984) noted that inhibition of the action of 
oxytocin or its carrier protein, neurophysin, could be used to modify luteal func­
tion. Oxytocin is produced by the corpus luteum and acts in the uterus to 
mediate the release of prostaglandin (Flint and Sheldrick, 1983). Active 
immunization against oxytocin prolongs the luteal phase (Sheldrick et al., 1980). 
THE UTERUS 
The uterus is another possible site of intervention to manipulate 
reproduction in the ewe. This can be accomplished through the use of 
prostaglandins, the major endocrine products of the uterus (Scaramuzzi and 
Martin, 1984). When a mature corpus luteum is present, PGF2-alpha or its 
synthetic analogues will cause its regression. Hafez (1980) reports that using an 
eight-day interval between two successive PGF2-alpha injections is effective for . 
synchronizing estrus, but fertility is low. Fertility appears normal when a 14-day 
interval between injections is used. PGF2-alpha treatments cannot be used to 
induce estrus in anestrous ewe� or prepubertal ewes, because they do not have a 
functional CL. 
14 
THE CENTRAL NERVOUS SYSTEM 
The central nervous system collects and stores information about the 
state of the · external environment such as the availability of food, presence of 
rams and the time of year. It also collects information about the state of the 
reproductive system (follicle and luteal function, pregnancy, lactation) . The 
hypothalamus is the intrinsic unit--it gathers inputs and sends an integrated 
signal, the releasing factors, to control the activity of the anterior pituitary gland 
(Scaramuzzi and Martin, 1984 ). Some hormones and substances which influence 
their secretion that represent the central nervous system as a site for 
manipulating the reproduction of ewes include the following: pheromones, 
neurotransmitters, releasing and release inhibiting hormones, and melatonin. 
Anovulatory ewes of some breeds will begin regular estrous cycles if 
they are placed with rams (Pearce and Oldham, 1984).  This is known as the 
"ram effect". Underwood and coworkers ( 1944) reported that anestrous ewes 
must be isolated from rams for a period before 
_
they will ovulate in response to 
·the re-introduction of rams. In 1960, Watson and Radford found that it is not 
essential for ewes to be in visual contact with rams to be induced to mate, but 
most ewes with their sense of smell surgically impaired fail to mate (Morgan 
et al., 1972). These findings lead to the hypothesis that the response is 
mediated by pheromones. 
15 
The frequency of pulses of LH increases dramatically within minutes in 
seasonally anestrous ewes after they have been introduced to the rams (Martin 
et al., 1980 and Poindron et al., 1980). Chesworth and Tait (1974) observed 
LH levels to increase within one hour of exposing Grey-faced ewes to the rams 
just prior to the breeding season. By contrast, the secretion of follicle 
stimulating hormone has been reported to either remain unchanged or decrease 
immediately after the introduction of the rams (Poindron et al., 1980; Atkinson 
and Williamson, 1984 ) .  
The increase in the frequency of pulses of LH in anovular ewes within 
minutes of introduction to rams strongly suggests a direct mechanism for 
increased secretion of LH independent of the negative feedback effects of the 
· ovarian steroids (Pearce and Oldham, 1984) . In experiments using 
ovariectomized ewes implanted with estrogen in spring or estrogen and 
progesterone in autumn (treatments which reduce the frequency of LH pulses by 
negative feedback), the introduction of rams rapidly increased the frequency of 
:LH pulses (Martin and Scarramuzi, 1983; Martin et al., 1983a,b ) .  
Ovariectomized ewes with no implants in spring or implanted with estrogen 
alone in the autumn do not have negative feedback on the frequency of LH 
pulses and the frequency of pulses was around one per hour. The introduction 
of rams to these ewes increased the basal concentration of LH but did not 
significantly increase the frequency of pulses. Pearce and Oldham (1984) 
suggested that consistent increases in the frequency of LH pulses might have 
been detected had blood samples been collected every five minutes instead of 
fifteen. 
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Pheromones are· highly specific, non-invasive and very fast acting 
(Scaramuzzi and Martin, 1984). This ram effect "hormone" can increase the 
tonic secretion of LH in ewes in as little as two. minutes, and in some cases the 
frequency of pulses appears to reach that of ovariectomized ewes instantaneously 
(Martin et al., 1983b ). If the pheromone could be purified (efforts are in 
progress now) this could be an effective way to stimulate estrous activity in the 
ewe. 
Neurotransmitters are amines, peptides or polypeptides which transmit 
impulses between neurons. The first impulse secretes a chemical substance 
called a neurotransmitter at the synapse, and this neurotransmitter in turn acts 
on receptor proteins in· the membrane of the next neuron to excite the neuron, 
to inhibit it, or to modify its sensitivity (Guyton, 1986). Almost all the synapses 
· uti lized in the_ 
central nervous system are chemical synapses. There are about 
30 known transmitters, each one being widely distributed and having many 
different roles throughout the central nervous system. A wide range · of drugs is 
available which affects the function of the neurotransmittors, but these drugs can 
have undesirable side-effects (Scaramuzzi and Martin, 1984 ). This is a limiting 
factor in their use in manipulating the reproduction of the ewe. A possible 
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exception to this may be the endogenous opiates beta-endorphin and 
met-encephalin. These are neurotransmittors that appear to have a direct 
inhibitory role in the control of the secretion of GnRH (Perin et al., 1982). 
Perin and coworkers (1982) reported that morphine, an opiate receptor agonist, 
decreases the tonic gonadotrophin secretion but not the estradiol-induced LH 
surge in the rhesus monkey, presumably by acting at a hypothalamic site. 
Intravenous administration of nine milligrams of morphine resulted in a 
significant decrease in circulating LH and FSH concentrations. Schillo and 
coworkers (1985) performed three experiments to determine if endogenous 
opioids mediate the effects of photoperiod on release of LH and prolactin in 
ovariectomized ewes. They found that intravenous infusions of naloxone, an 
opioid receptor antagonist, increased mean plasma concentrations of LH and 
decreased interpulse period of LH pulses in ewes exposed to long daylengths. 
Infusions of morphine increased the period of LH pulses and increased 
concentrations of prolactin. In ovariectomized ewes exposed to long ( 16 light 
· hours and eig?t dark hours) or short (eight light hours and sixteen dark hours) 
daylengths, infusions of naloxone increased mean concentrations· of LH, whereas 
morphine decreased mean concentrations of LH. Naloxone did not affect 
prolactin release in either long or short day groups, but morphine increased 
prolactin release during long and short daylengths. 
The effects of photoperiod on reproductive activity in sheep are 
mediated by changes in the pattern of LH release (Legan and Karsch, 1980; 
Goodman et al., 1982). If endogenous opioids are involved with the regulation 
of seasonal changes in LH release in the sheep, then Schillo and coworkers 
(1985) suggested that either the release of endogenous opioids or the response 
of target cells to endogenous opioids is high during long daylengths and low 
during short daylengths. 
Brooks and colleagues (1986) also studied the role of opioids in the 
modulation of LH secretion in the ewe. They found evidence which supports 
the theory that opjoids play a part in the control of LH secretion in the cyclic 
ewe, but they were unable to show that endogenous opioids have a major 
physiological significance in the seasonally induced suppression of LH secretion 
in the mature ewe. They did present results for yearling sheep that agree with 
current evidence that changes in the magnitude of opioid action may play a 
physiological role in the modulation of LH secr�tion in the young ewe. 
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Gregg and coworkers (1986) reported that consistent increases in serum 
LH immediately following naloxone injection into postpartum ewes demonstrated 
a considerable involvement in the modulation of LH release. They concluded 
that because naloxone is relatively specific as art endogenous opioid· receptor 
antagonist, unidentified endogenous opioid peptides are inhibitory to LH release 
during the postpartum period· in fall lambing ewes. 
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Release and release inhibiting hormones travel the final common 
pathway through which hypothalamic messages reach the anterior pituitary gland. 
They are therefore a very susceptible and important site for pharmacological 
intervention for the improvement of the reproductive rate in ewes (Scaramuzzi 
and Martin, 1984 ) .  GnRH controls the release of LH and FSH and is the most 
important releasing hormone controlling reproduction. McLeod and coworkers 
(1982) performed a study to determine the effect of small doses of GnRH on 
seasonally anestrous ewes with 250, 500 or 1000 ng of GnRH injections at two 
hour intervals for eight days (two sheep per treatment). Plasma LH 
concentrations were increased with the 250 or 500 ng injections. The 1000 ng 
injection caused a sustained rise in plasma LH concentrations in one of two 
· sheep during the early part of the period. A preovulatory-type LH peak 
occurred 17-48 hours after the start of treatment in all ewes with a second peak 
106-133 hours later in 500 or 1000 ng GnRH injected ewes. 
Ovulation with subsequent normal luteal function occurred in all sheep. 
· There was a �elayed rise
. 
in progesterone concentrations in 500 or 1000 ng 
GnRH ewes compared with the 250 ng GnRH ewes. The natural pattern of LH 
secretion is episodic in nature. These LH episodes occur irregularly ·at 3 to 12 
hour intervals (Baird, 1978). After the corpus luteum regresses, their frequency 
increases until they occur at the rate of one per one to two hours immediately 
before the preovulatory LH peak. Each LH episode is followed by an increase 
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in ovarian vein levels of estradiol; and this, together with the parailel increases 
in basal secretion of both LH and estradiol during the follicular phase of the 
cycle, has led to the suggestion that the final stages of follicle development and 
estrogen synthesis may be controlled by tonic LH secretion (Lincoln, 1979). This 
implies that the absence of ovulation in seasonally ane.strous ewes is due to an 
inadequate pattern of episodic LH secretion which has been corrected by 
injecting small doses of GnRH resulting in normal luteal function in ewes. 
In a study performed by Crighton and coworkers ( 1973), the results 
demonstrated that the administration of a decapeptide (gonadotrophin releasing 
factor) caused LH release and ovarian change characteristic of ovulation in 
anestrous ewes. The determination of a decapeptide for luteinizing hormone 
releasing factor (Matsuo et al., 1971) led to the synthesis of this structure by 
Geiger and colleagues (1971) and its availability for testing (Foster and Crighton, 
1973). Foster and Crighton (1973) administered this synthetic decapeptide to 
Clun Forest ewes both on day 12 of the estrous cycle and during seasonal 
anestrus. Blood samples were collected every ten minutes for one hour before 
and every five minutes for three hours after administration. In. cyclic animals, 
single administration of 50 and 150 ug of the decapeptide were tested to 
determine the dose level, the· administration of 50 ug caused an increase iri 
plasma LH from 1 to 2 to 10 to 30 ng per ml. The administration of 
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150 ug resulted in peak levels of 65-75 ng per mi. Peak levels were achieved 
90 to 120 minutes after sampling was stopped. One hour later, the levels 
declined to near baseline. Ovulation occurred in both ewes treated with 150 ug, 
but the ewes treated with 50 ug had not yet ovulated two days after treatment. 
In anestrous ewes, single administration of 150 or 300 ug of the decapeptide 
were used. Peaks of LH were similar to those seen in cyclic ewes. Ovulation 
occurred in almost all animals. 
Wright and coworkers (1978) measured the pituitary responsiveness to 
200 ug of synthetic LH-RH and to 10 ug of thyrotropin releasing hormone 
(TRH) in anestrous ewes before and after treatment for three weeks with 
progesterone or estradiol plus progesterone. There was a marked decrease in 
pituitary responsiveness to LH-RH after progesterone or estradiol and 
progesterone treatments, and an increase in response to TRH after estradiol and 
progesterone treatment. Their results demonstrate selective and simultaneous 
feedback effects of estradiol and progesterone on pituitary responsiveness to two 
·hypothalamic releasing hormones. 
Haresign and Lamming (1978) noted that in all LH-RH treated 
anestrous ewes pretreated with PMSG or estrogen, plasma LH concentrations 
increased from basal values immediately after LH-RH injection. Pretreatment 
with PMSG or estradiol benzoate significantly increased the duration of the LH 
peak. 
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Cyclic and anestrous ewes were injected with a synthetic tripeptide 
(thyrotropin releasing factor) which failed to elevate LH levels in the plasma of 
treated e.wes and ovulation failed to occur (Foster and Crighton, 1973). 
The indole amine melatonin (N-acetyl-5-methoxytryptamine ), which is 
produced by the pineal gland at night, is part of the mechanism by which the 
brain measures day length and thus season (Bittman et al., 1983a ). By presenting 
artificial darkness to the hypothalamus, we are able to hasten the onset of estrus 
which allows for earlier lambing thereby increasing reproductive performance. 
The use of exogenous melatonin can also be used to simulate the effect of short 
days. 
The pineal gland was known as early as the third century BC when 
Herophilus theorized that it inay serve as a sphincter regulating the flow of 
thought in the ventricular system of the brain (Tamarkin et al., 1985). Galen, 
about 450 years later noted that the pineal was not like brain tissue in structure, 
and he thought it probably had a function similar to that of the lymph nodes 
. (Kappers, 1979). In the 17th century, Rene Descartes first called the pineal · 
the "seat of the soul" and this is how· it is viewed today (Kappe�s, 1979). 
Tamarkin and coworkers (1985) reported that in 1943 a man named .Bargmann 
proposed that the endocrine function of the pineal was regulated by light via the 
central nervous system. This concept was proven to be accurate by Wurtman 
and Axelrod (1965). The pineal gland is located above the hypothalamus 
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between the hemispheres of the brain. Bearden and Fuquay ( 1984) reported 
that the embryonic origin of the pineal gland is the brain, but direct connection 
to the central nervous system is lost after birth. The metabolism of the pineal is 
controlled by environmental lighting through an indirect pathway involving 
sympathetic nerves (Bearden and Fuquay, 1984). This pathway involves the eye 
and the optic nerve. 
The chemical nature of melatonin begins with tryptophan (Fig. 5) .  
Pinealocytes or pineal cells take up this amino acid from circulation. It is then 
hydroxilized by tryptophan hydroxylase to produce 5-hydroxytryptophan. An 
aromatic amino acid then decarboxylates 5-hydroxytryptophan to produce 
serotonin. Serotonin is then converted to N -acetylserotonin by an enzyme called 
· serotonin-N-acetyltranferase. The activity of N-acetyltransferase has been shown 
to be 15 times higher in the rat at night than during the day. Klein and Weller 
(1970) reported t�at th1s enzyme shows a circadian rhythm in its activity and is 
the rate limiting step in melatonin formation. �other enzyme involved in the 
·formation of melatonin is hydroxyindole-o-methyltransferase which is responsible 
for the a-methylation of the indole ring (Tamarkin et al., 1985) . · An 
intermediate in the synthesis of melatonin, 5-hydroxytryptophan, has been shown 
to elevate serum melatonin more than seven fold within two hours of 
administration. Quay (1964) observed that levels of serotonin in the pineal are 
high during the day and low at night and that changes in the l ighting cycles 
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caused changes in pineal serotonin content. He also found a daily rhythm in 
pineal melatonin that was the inverse of serotonin rhythm. 
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Tamarkin and coworkers (1985) reviewed the neural pathways by which 
photoperiodic information reaches the pineal. Nerve impulses stimulated by 
light coming in contact with the eyes are transmitted by a retinohypothalamic 
tract to the hypothalamic suprachiasmic nuclei then to the paraventricular nuclei. 
From these hypothalamic nuclei, the impulses travel to the intermediolateral 
nucleus of the spinal cord. From here they pass to the preganglionic adrenergic 
fibers of the sympathetic nervous system, which can direct them to the final 
sympathetic input to the pineal, the superior cervical ganglia. This is a 
conversion of neural input into an endocrine output. Sympathetic nerves release 
· norepinephrine at their end terminals on pineal cells in a rhythmic fashion 
paralleling light and dark cycles (Tamarkin et al., 1985).  This neurotransmittor 
is bound by mem�rane beta-aderinergic receptors, the system is activated, and 
melatonin formation is completed (Tamarkin et al., 1985).  
Arendt and cow�rkers (1981)  noted that the absence of the pineal gland 
may not be important in the short-term control of reproduction; but it may 
assure long term synchronization with the seasons. Pinealectomy abolishes the 
inductive effects of short days and the inhibitory effects of long days· as well as 
eliminating the nighttime rise in serum melatonin (Bittman et al., 1983a ) , When 
melatonin is administered to pinealectomized ewes the stimulatory effects of 
short photo periods are resumed (Bittman and Karsch, 1984 ). 
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Melatonin serves a suppressive role in pineal · metabolism because it is 
not synthesized during periods of light. The period at which melatonin is at a 
high level in the blood appears to convey "night-length" and to cause specific 
changes in reproduction as well as molting, food intake and other seasonal 
characteristics (Lincoln, 1983). Serum melatonin levels fall to near zero during 
light hours. Light not only serves a suppressive role, but also it is able to 
synchronize pineal rhythm with the environment (Tamarkin et al., 1985) .  This is 
demonstrated by the high levels (nea·r 2000 pg per ml) of serum melatonin 
found during the dark phase by Rollag and coworkers ( 1978). 
In certain circumstances, sheep lose their reproductive response to 
photoperiod which is known as photorefractoriness (Malpaux et al., 1987). 
Refractoriness to long days has been associated with the onset of the natural 
breeding season in the ewe and thus plays an important role in timing the 
seasonal reproductive cyc�e.  Robinson and coworkers (1985) reported that the 
breeding season of the ewe ends in late winter because of the loss of response 
to a previously inductive daylength, not because of exposure to inhibiting long 
days. They concluded that ewes normally begin breeding because they become 
refractory to prevaiHng long days, not because they are actively driven to do so 
by decreasing or short days. Robinson and Karsch (1984a) studied ewes over 
eight years and found that their Suffolk ewes living in a . natural environment 
began breeding when photoperiod decreased to 14h of light and ceased when 
daylength increased to 1 1.5h of light. This demonstrates that this set of ewes 
actually began breeding on longer daylengths than those in which it stops 
breeding. 
Karsch and colleagues (1986) reported that two hypotheses have been 
proposed for the involvement of the pineal and its nocturnal secretion of · 
melatonin in the development of photorefractoriness. First, the melatonin 
pattern may become disrupted so that it is no longer a reliable indicator of 
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day length. Almeida and Lincoln (1984 ), in support of this hypothesis, reported 
abnormal elevations of serum melatonin in photorefractory Soay rams during the 
daytime. Secondly, those systems generating the reproductive response to the 
melatonin signal may become insensitive to this signal over time. Karsch and 
coworkers (1986) set out to distinguish between these two hypotheses by 
determining whether photorefractoriness in the ewe results from a ·deficit in . the 
. generation of melatonin rhythm or in the postpineal processing of this 
photoperiodic message. By using serum LH concentrations in o_variectomized 
ewes with constant-release estradiol implants as a marker of reprodu�tive 
induction, they found that ewes with intact pineal glands became unresponsive to 
fixed artificial photoperiods that initially had been either inductive . (short days) 
or inhibitory (long days). The loss of the photoperiodic response was not 
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associated with changes in the 24 h secretory pattern of · melatonin, which 
remained characteristically low during the day and rose at night. In 
pinealectomized ewes, nightly infusion of melatonin initially provoked 
reproductive induction. They observed that this response lessened over much 
the same time course that pineal intact ewes became refractory to short days. 
These results supported their second hypothesis that photorefractoriness reflects 
a deficit in the postpineal processing of the photoperiodic message. 
Since melatonin has been proposed to be the hormone that mediates 
photoperiodic regulation of seasonal breeding, several researchers have used 
artificial photoperiod to increase the. amount of melatonin produced by the 
pineal as well as using several methods of administering exogenous melatonin to 
mimic the effects of short days in terms of reproductive response. In 1907, 
Schafer suggested that the annual photoperiodic cycle would supply a stimulus of 
suitable stability and, since that time, daylength has been shown to time the 
reproductive period of many species (Robinson and Karsch, 1984b ). 
The sensitivity of sheep to photostimulation was noted by Newton and 
Betts (1972) to vary directly with time from the onset of the ne� natural 
breeding season a·nd with the speed of photoperiodic decrease. Gradual 
decreases in daylength were also observed to stimulate the onset of estrus 
(Ducker et al., 1969). The greater the increase (or decrease) in day length, the 
sooner the change in sexual activity (Thimonier, 1981 ) .  
Yeates ( 1949) and Hart (1950) were the first to experiment with 
artificial lighting regimes when they exposed ewes to 8 h of light and 16 h of 
dark which caused the onset of estrus. Since then many different regimes of 
artificial photoperiod and its effects have been tested. 
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Kennaway and coworkers (1983) maintained ewes in four different 
photoperiods (simulated natural photoperiod, normal daylength extremes-twice in 
twelve months, alternating long (16h) and short (8h) days for 90 days and 
constant light). Their study confirmed that there is no consistent seasonal 
change in melatonin levels throughout the breeding season. The results 
indicated that there is a large variation in melatonin levels from hour to hour 
indicating that there may be endogenous control over the secretion of the 
· hormone resulting in episodic secretion. Arendt and colleagues (1981) reported 
two peaks of melatonin secretion during periods of short daylength using a 
three-hour sampling regime. 
Ducker and coworkers (1973) studied c�nstant photoperiod where they 
reported that the change from estrus activity of ewes to inactivity did not occur 
within a fixed period of time as happens under natural daylength conditions. 
Many authors have hypothesized that secretion of melatonin · directly 
into the third ventricle may be a route for melatonin secretion (Anton-Tay and 
Wurtman, 1969; Sheridan et al., 1969) . Rollag and colleagues (1978) took 
samples of blood from the jugular vein, and they also took samples of cerebral 
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spinal fluid to determine the proportion of total melatonin output that is 
secreted directly into the third ventricle. Melatonin concentrations remained at 
baseline levels ( 10- 100 pglml) in two Corriedale crossbred ewes in an initial 
exposure to light. The levels were 200-400 pglml in two Lincoln crossbred ewes. 
Upon introduction of darkness, there was a 2-10-fold increase in melatonin 
concentrations in the plasma. In cerebral spinal fluid, melatonin concentrations 
remained between 10 and 100 pg/ml throughout the sampling interval in two 
ewes (one Corriedale crossbred and one Lincoln crossbred). In the other two 
ewes, concentrations of melatonin in cerebral spinal fluid remained between 10 
and 100 pg/ml during the initial exposure to light and rose gradually to peak 
levels of 150-300 pg/ml upon exposure to darkness. Their data indicated that, in 
· sheep, melatonin is secreted predominantly into the blood. 
Two hypotheses have been reported to explain how melatonin codes for 
daylength. These two hypotheses include: 1) the duration of nocturnal 
melatonin secretion, and 2) the phase of melato�in release with respect to the 
light-dark cycle (Goldman et al., 1982). The phase model is based on the 
hypothesis that there is a circadian rhythm of sensitivity to melatonin; the phase . 
relationship of this sensitivity period then dictates the reproductive re·sponse. 
Robinson and Karsch (1987) reported that this hypothesis had not yet been 
formally tested in sheep. Wayne and colleagues (1988) have since tested this 
hypothesis by eliminating endogenous melatonin secretion by pinealectomy and 
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then restoring physiological levels of  serum melatonin with rises of  the same 
duration but at different phases of the light-dark cycle (either at night or the 
middle of the day). Infusion of a long day pattern of. melatonin was equally 
effective in maintaining reproductive suppression when given during the night or 
in the middle of the day. Therefore, their results do not support the phase 
hypothesis. Rather, they are satisfied with the hypothesis that the duration of 
the nocturnal secretion of melatonin codes for daylength. English and coworkers 
(1988) came to a similar conclusion when they tested pineal and ovarian 
response to 22 and 24 h days in the ewe. 
The duration of melatonin secretion has been noted to be the critical 
factor in the induction of photoperiodic responses (Carter and Goldman, 1983; 
· 
Goldman, 1983; Bittman and Karsch, 1984). The duration of nighttime secretion 
is what reflects the length of the dark phase (Arendt, 1985).  Studies done by 
Bittman and colleagues
· 
(1983b) have provided compelling evidence for the 
importance of duration. If the blood levels of m.elatonin are continuously 
elevated for more than 12 h every day for several weeks, a short day response is 
noted; if they are elevated for only short periods, even if more than once each 
day, then a long day response is observed. English and coworkers (1988) are in 
agreement with the above researchers. 
These experiments do not, however, rule out the "second time-of-day" 
hypothesis. Tamarkin and coworkers (1976) first showed that injecting hamsters 
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on long daylight regimes with melatonin caused short-day reproductive response 
if the injection was given in the subjective "afternoon", but not if given in the 
"morning". The treated animals had functional pineal glands, but when similar 
experiments were performed with pinealectomized hamsters, no time effect was 
apparent. 
Besides manipulating photoperiod to hasten the onset of estrus in the 
ewe, several researchers have experimented with different administration 
methods of exogenous melatonin to increase serum melatonin levels to a point 
which is similar to the dark phase. These methods include daily feeding 
(Kennaway et al., 1982; Arendt et al., 1983; Poulton et al., 1985; English et al., 
1986), daily injections (Yellon et al., 1985), intravaginal implants (Nowak and 
· Rodway, 1985, 1987), subcutaneous implants (Kennaway et al., 1982; Poulton 
et al., 1985 ; English et al., 1986; Rodway et al., 1987) and more recently, 
intraruminal glass . 
boluses (Poulton et al., 1987). All these methods have proven 
to be successful in raising serum melatonin levels. to those seen during the dark 
phase. 
Arendt and coworkers (1983) began treatment on June ' 15, 1981, with a . 
16h light:8h dark group where ewes received 13 umol melatonin absorbed into a 
food pellet. Another group consisted of ewes receiving 8h light: 16h dark and 
the final group received natural daylight. By October 23, when the melatonin . . 
feeding was stopped, the melatonin-treated sheep had undergone three to five 
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complete estrous cycles; whereas, in the control group, only one ewe had shown 
two estrous cycles, two had shown one estrous cycle and two had not completed 
a cycle. 
The melatonin implants used by Kennaway and coworkers (1982) 
resulted in approximately 50 pglml increments above the usual daytime 
circulating levels of < 25 pglml. 
English and colleagues (1986) had three treatment groups consisting of 
(1) subcutaneous implants of melatonin (1g) in Silastic packets, (2) daily oral 
melatonin administration, and (3) an artificial photoperiod of 8 h of light and 
16 h of dark. Ovarian cycles for the oral administered ewes began 5-10 weeks 
before those of the control ewes maintained in natural photoperiod. The onset 
of ovarian cycles for the ewes given subcutaneous implants of melatonin in April 
and a further implant in May was not significantly different from the onset of 
cycles in the cont�ol ewes. 
Melatonin was administered intravaginalJy in Silas tic tubing by Nowak 
and Rodway (1985) .  Ewe lambs were given the melatonin at a mean age of 7.5 
weeks (Group E, N = 10) or 19.4 weeks (Group L, N = 10). The· third group 
received empty implants . . Puberty was advanced by 5.2 weeks in Group L lambs. 
In Group E lambs, the timing of puberty was unaltered. They did another 
experiment with mature ewes receiving implants on May 13 (Group E, N = 10) or 
July 18 (Group L, N = 10) or empty implants (Group C, N = 10). Ewes in 
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Group L showed increased incidence of ovarian activity {9/10 ewes were cycling 
by September 20) compared with the controls ( 1/10 ewes cycling by the same 
date). 
Poulton and coworkers (1987) used intraruminal soluble phosphate glass 
boluses incorporating 150 mg of powdered melatonin. They had three treatment 
groups (A, B and C) and a control group (D). The hormone release rate was 
variable between groups. Group C received slow release boluses and had a 
higher plasma melatonin concentration for a longer period of time. The onset 
of cyclic activity in Group C was significantly advanced compared to the controls. 
Those ewes that received fast and medium release boluses (Groups A and B) 
did not have significantly altered ovarian activity. 
Dubocovich (1988) reported that bright lights have recently been used 
by several groups of investigators to treat chronobiological sleep and mood 
disorders in humans. She continues to explain that patients with seasonal 
affective disorders, such as depressions that occur only at certain times of the 
· year, have been treated successfully by lengthening their winter days with bright 
artificial lights. Since the effects of light are related to the suppression of 
melatonin secretion, a melatonin receptor antagonist, luzindole, 111:ay be useful in 
treating disorders involving changes in the pattern of melatonin secretion. 
Therefore, the research that has been reported for several animals using 
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melatonin has been used to help humans. There is still more to learn about the 
mechanisms of action and the uses of melatonin. 
MATERIALS AND METHODS 
Forty-one Hampshire x Finn-Targhee (HFT) and 42 Finn-Dorset x 
Targhee (FDT) ewes, aged two to three years, were hooftrimmed, shorn, 
wormed, weighed, and paint branded prior to being allotted to one of four 
treatments on June 1, 1987: 1) natural daylight plus a melatonin implant 
(Regulin<R>) [ND + RI] ; 2) artificial photoperiod consisting of 8 h light and 16 h 
dark [8L: 16D]; 3) natural daylight ewes serving as controls [ND]; and 4) natural 
daylight plus 3.5 mg melatonin (Sigma Chemical Company) fed per ewe daily 
[ND + M]. ND + RI treatment group consisted of 20 ewes while all other 
groups contained 21 ewes. The Regulin<R> was furnished courtesy of Gene Link 
Australia, Inc. 
Five Hampshire rams were shorn, hooftrimmed and weighed. Each 
· treatment group was then subjected to fence-line ram contact for 30 days 
beginning June 1 .  On June 29, the rams were electroejaculated . and the semen 
evaluated for concentration and motility using the hanging drop technique. On 
July 1, three rams were introduced to the ewes in treatments 1, 3 and 4, while 
two rams were rotated in the 8L: 16D treatment group. One of the rams 
allotted to the 8L: 16D ewes was replaced with another Hampshire ram due to 
lameness. All animals were weighed every 28 days to monitor weight change. 
E�es were exposed to rams continuously from July 1 through 
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August 26. The rams were painted with a mixture of wool paint and grease 
which was applied cranial to the sheath. Color of the paint was changed every 
17 days to facilitate the reading of breeding marks; orange, red and green paint 
was used, respectively. Breeding marks were recorded at feeding time (l600 h) 
and rated on a scale of good, fair, poor and rape. A mark directly over the 
tailhead was recorded as a good mark. A fair mark was given to those that 
were slightly to either side of the tailhead. Poor marks were those that were a 
considerable distance from the tailhead, yet still on the hindsaddle. A rape was 
given to those ewes that had marks elsewhere on their bodies. Conception was 
considered highly probable when a good mark was observed. It was 
questionable as to whether or not a ewe was serviced when a fair mark was 
recorded. Poor and rape marks were interprete� as no chance of conception. 
Initially, ewes and rams received 2.05 kg·head-1 ·day·1 of a pelleted diet 
consisting of 74.5% corn cob, 24.5% dehydrated alfalfa meal and 1 .0% molasses . 
(June 1) .  During the course of the month, the amount of pellets the ewes 
received was decreased because they were leaving grain in the bunk� Within the 
first week, the amount of pellets decreased from 1.82 kg·head-1 ·day"1 to 
1.59 kg·head·1 ·day"1 • On June 15 ,  the amount of pellets was increased to 
1 .82 kg·head·1 ·day"1 • On June 25, the ration was again increased to the original 
2.05 kg·head·1 ·day·1 and remained constant throughout the treatment period. 
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In addition to the pellets, the ewes and rams received 0. 1 1  kg·head·1 ·day"1 of 
rolled corn. Breeding marks were recorded when the corn was initially fed, then 
after they finished their corn, the pellets were fed. Four bags of rolled corn 
(one per treatment) were mixed one at a time in a Hobart<R> bowl mixer with 
1% molasses while a mixture of 90 ml water and 270 ml ethanol was misted 
over the top. The melatonin for the ND + M ewes was dissolved in the 300 ml 
ethanol mixture. Dicalcium phosphate and trace mineral salt (50:50) were 
available free-choice for all treatments. 
Natural daylight plus Regulin<R> implanted (ND + Rl), ND and 
ND + M ewes were maintained together in a 63.34 m x 35.04 m drylot where 
they had access to a Southern open-fronted shed measuring 2.74 m in depth and 
12. 19 m in length. . The livestock received fresh water from an automatic bowl 
fountain. The ewes were put through a sorting chute daily at feeding time 
(1630 h), and the ND + M ewes were sorted off and fed the corn-melatonin 
mix separately. The other two treatment groups were fed corn in a fence-line 
feeder at this time. When the ewes finished their corn, the ND + M · ewes were 
turned out with the other ewes and the pellets were fed. 
Ewes in the 8L: 16D treatment were maintained in a temperature 
(23.9°C ± 1 . 1  oc) and light-controlled room in  the Animal Science �omplex. The 
I 
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lights, controlled automatically, came on at 1300 h and went off at 2100 h. This 
light source was provided by 660 watt cool florescent white lights. The room 
consisted of a solid concrete center alley 1 .5 m wide and two concrete slatted 
floors on each side of the solid center that were 2.43 m in length. A feeder was 
placed on the solid concrete center alley. Water was provided by automatic 
bowl fountains. The floor was scraped daily and rinsed every other day. The 
pit underneath the floor was cleaned daily by a flushing system and sprayed 
down with a hose once each week. 
A 10  ml blood sample was collected via jugular venipuncture in 
vacutainer tubes from each ewe once weekly beginning at 1900 h with the 
8L: 16D ewes. The blood was allowed to sit at room temperature for 
approximately 30 minutes. The tubes were reamed with a wooden applicator to 
loosen the clot and then placed in a centrifuge for 30 minutes at 5.0°C and 
2500 rpm. Seru� was · then poured into duplicate plastic tubes and stored at 
-28.ooc in separate freezers for future radioimmunoassay of progesterone and 
melatonin. 
The experiment was terminated on August 26, 1987, after which all 
ewes were exposed to Columbia cleanup rams for 23 days. Data rec·orded at 
lambing included the following information: ewe number, date of birth, type of 
birth, sex of Iambs and birth weight. Any complications encountered during 
lambing were also recorded. 
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A solid phase radioimmunoassay technique, as prepared by Diagnostics 
Products Corporation, was executed for the detection of progesterone in the 
blood serum. The antibody was immobilized on the wall of a polypropolene 
tube. Progesterone labelled with sodium C25l) had total counts of approximately 
40,000 counts per million ( cpm) at the time of iodination. Maximum binding 
was 40-50%. Non-specific binding was calculated to be < 2.0% and sensitivity of 
the assay was .05 ng/ml. 
Separation of the bound and free fractions and termination of 
competition was accomplished by decanting the supernatant after three hours of 
incubation at room temperature. The bound fraction remained in the tube . . .  
The antibody was checked for cross-reactivity to androstenediol, 
corticosterone, cortisol, 1 1-deoxycortisol, 20-dehydroxyprogesterone, estradiol and 
testosterone. Increasing volumes of wether serum paralleled the standard curve 
which was linear betwe.en .05 ng/ml and 40.0 ng/ml. 
An aliquot of 100 ml was used for samples. Wether serum spiked with 
4.0 ng/ml progesterone served as a check for recovery which was observed to be 
103%. Assay values were calculated . by the logit-log method. Intra- and 
interassay coefficients were determined with the use of pooled wether serum and 
spiked wether serum. They were calculated to be 0. 1 1  and 0.3 1, respectively. 
Melatonin assays were executed on weekly blood samples · for each ewe 
in the study. The hormone was measured by radioimmunoassay. 
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Five hundred microliters of the serum were combined with 100 ul of 1 251 
recovery label; the recovery label had a count of approximately 700 cpm 
per 100 ul. The serum and label were allowed to incubate for at least 30 
minutes. All tubes were then counted in a gamma counter for one minute 
before extraction to determine the total counts per minute of recovery label in 
each tube. Two milliliters of chloroform were then added, and the solution was 
mixed for 15 seconds using a vortex mixer. They were then shaken on a 
mechanical shaker for 20 minutes. The aqueous layer was aspirated off and 
.5 ml of gel buffer were added to each tube. This extraction procedure, 
beginning with the addition of the chloroform, was repeated. All tubes were 
then dried under nitrogen gas and counted for recovery. 
Total counts were set up using 500 ul of gel buffer and 100 ul of 1 251 
melatonin; non-specific binding was set up using 400 ul and 100 ul of gel buffer 
and 1 251 melatonin, respectively. Maximum binding was prepared using 300, 100 
and 100 ul of gel buffer, antibodi and 1 251 melatonin, respectively. Standards 
were set up as follows: 200 ul standard, 100 ul antibody, 100 ul 1 251 melatonin 
and 100 ul of gel buffer. Standard se.rums and unknowns were set up using 300 
ul of gel buffer, 100 ul 1 251 melatonin and 100 ul antibody. Termination of the 
assay was accomplished by adding 100 ul of ice cold Dextran-coated · charcoal 
1Supplied by Gordon Niswender, Colorado State University. 
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after the tubes had incubated overnight. The tubes were incubated for fifteen 
minutes in a cold centrifuge after the addition of the charcoal. Then they were 
centrifuged for five minutes at 2200 rpm. Four hundred microliters of the 
supernatant were immediately pipetted into 12 x 75 mm glass tubes and counted 
for one minute. 
The standard curve was linear between 2.50 pg/ml and 4000 pg/ml. 
Specific activity was 28,000 uCI/ug. Melatonin labelled with sodium C25l) had 
total counts of approximately 4,000 cpm at the time of iodination. Maximum 
binding was 30-60%. Non-specific binding was 3-4%, and sensitivity of the assay 
was . determined to be 2.50 pg/ml. The final tube dilution was 1 :30,000. 
Melatonin was checked for cross-reactivity to N-acetyltryptamine, 
6-hydroxymelatonin and N-acetyltrptophan. Assay values were calculated using a 
logit-log method. Pooled wether serum and spiked wether serum were used for 
intra- and interassay coefficients. Coefficients of variation for these were 0.21 
and 0.24, respectively. 
Continuous data analysis was performed using general linear model 
procedure (GLM). General linear model was used for least-squares analysis of 
variance for unbalanced data (SAS, 1982). This data included the following: . 
initial ewe weight, final ewe weight, weight change, days to first mark, date of 
conception, lambing date and kg of lamb produced per ewe. Separation_ of 
least-squares means was performed using a t-test when significant differences 
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were observed. Number of marks per ewe exposed (treatment and treatment by 
breed responses), percent ewes lambing, lambs born per ewe exposed and lambs 
born per ewe lambing were tested using chi-squares analysis (Freeman, 1987). 
Melatonin and progesterone data was analyzed using repeated measures analysis 
(SAS, 1982). Coefficients of variation were calculated within and between 
weekly progesterone assays (Steel and Torrie, 1980). Melatonin values for 
June 23 were unable to be used. 
All main effects for hormone levels are reported, but only those 
two-way and three-way interactions, which are significant at the .01 or .05 level, 
are reported. 
RESULTS AND DISCUSSION 
Breed differences (P < .002) in initial and final weights were observed 
(table 1 ). The HFf ewes had a higher beginning and ending weight than the 
FDT ewes, which is expected due to the breed characteristics. However, weight 
gain during the course of the experiment did not differ among treatments or 
between breeds. Treatment weight gain ranged from 5 .44 kg to· 8 .16 kg for the . 
ND + M and 8L: 16D ewes, respectively. The slightly higher weight gain for the 
8L: 16D ewes, although non-significant, may be accredited to the smaller pen size 
resulting in less exercise as compared to the other three treatment groups. 
TABLE 1 .  EFFECT OF BREED AND TREATMENT ON EWE WEI GHT• 
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No . 
ewe s 
Initial 
we ight ( kg ) 
Final 
we igh t  ( kg ) 
We ight 
change ( kg ) 
Breed 
HFT 41 7 5 . 3  ± 2 . 4b 8 3 . 0  ± 2 . 4b 7 . 7  ± 1 . 2  
FDT 4 2  6 7 . 6  ± 2 . 4  7 3 . 9  ± 2 . 4 6 . 4  ± 1 . 2  
Tre atment 
NO + RI 2 0  7 1 . 7  ± 3 . 4 7 8 . 0  ± 3 . 4 6 . 4 ± 1 . 6  
8 L : l 6 D  2 1  7 2 . 6  ± 3 . 4 8 0 . 7  ± 3 . 4  8 . 2  ± 1 . 6  
NO 2 1  7 1 . 2  ± 3 . 4  7 8 . 0  ± 3 . 4  6 . 8  ± 1 . 6  
NO + M 2 1  6 9 . 9  ± 3 . 4 7 5 . 8  ± 3 . 4 5 . 4  ± 1 . 6  
•Leas t - s quares means ± s tandard e rrors . .  
bBreed e ffe c t  ( P< . 0 0 2 ) . 
Mean progesterone values for June (figure 6) were low, indicating that 
the ewes were probably anestrous at the start of the experiment. Waller and 
Hudgens ( 1986) reported that 1 nglml is a high enough level of progesterone to 
indicate cycling. It appears the ewes began cycling in July two weeks after the 
introduction of the rams, because mean progesterone values increased · 
dramatically from 0.24 on July 7 to 1.35 on July 14, and stayed consistently high 
through July. Mean values continued to rise from 1 .43 on July 28 to 2.40 on 
August 4. 
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This increase demonstrates the rise in progesterone levels which occurs after 
conception in order to maintain pregnancy. 
No breed effect (P > .05) was noted in mean progesterone levels (table 
2), although the FDT ewes had a slightly higher level of progesterone ( 1 .20) 
than the HFf ewes (1 .17). There was a significant (P < .05)  treatment and 
treatment by breed interaction for mean progesterone level (table 3).  
TABLE 2 .  LEAST - SQUARES MEANS FOR PROGESTERONE LEVEL 
BY BREED ( S . E . - . 0 6 ) . 
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Bre e d  Proge s te rone . ng/ml 
HFT 1 . 1 7 
FDT 1 . 2 0 
TABLE 3 .  LEAS T - SQUARES MEANS FOR PROGESTERONE LEVEL 
FOR TREATMENT BY BREED ( S . E . - . 04 ) . 
Treatment 
ND + RI 
8L : 1 6D 
ND 
ND + M 
1 . 14. 
1 .  2 1• 
. 8 6b 
1 . 47. 
1 .  3 6a 
1 .  2 8. 
1 .  0 6. 
1 . 0 9. 
'bMeans w i th di ffe rent superscripts wi thin c o lumn di ffer . 
The HFf control ewes exhibited a lower mean progesterone level than the other 
three HFf treatment groups (1 .14, 1 .21 and 1.47 for the N + RI, 8L: 16D and 
N + M groups, respectively) . 
Progesterone levels over time by breed are shown in table 4. The 
increased level over time is evident in figure 7. Although no significance was 
found, it is interesting to note the weekly changes that occurred within each
. 
breed. The FDT ewes had a slightly higher level of progesterone, which may be 
due to the higher ovulation rate expected for the breed; yet the HFf ewes had 
a higher number of lambs born, 1 .54 as compared to 1.36 for the FDT ewes 
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(table 10) .  The FDT ewes had a higher number of marks per ewe (table 9) 
which indicates that they did not conceive their first cycle. 
Date 
June 2 
June 9 
June 1 6  
June 2 3  
June 3 0  
July 7 
July 14 
July 2 1  
J uly 2 8  
Augus t 4 
Augus t 1 1  
Augus t 1 8  
Augus t 24 
TABLE 4 .  LEAST - SQUARES MEANS AND S TANDARD ERRORS FOR 
PROGESTERONE LEVEL OVER TIME BY BREED ( PG/ML) 
HFT FDT 
0 . 0 9 0 . 14 
0 . 04 0 . 1 3 
0 . 1 1 0 . 1 3 
0 . 1 7 0 . 1 3 
0 . 1 1 0 . 1 2 
0 . 20 0 . 2 9 
1 . 3 8 1 . 3 2 
1 . 3 8 1 . 5 1 
1 . 6 0 1 . 2 7 
2 . 2 6 2 . 5 5 
2 . 1 9 2 . 5 3 
2 . 9 9 2 . 74 
2 . 7 0 2 . 7 8 
•s tandar d errors b e tween b reeds wi thin t ime . 
S . E . -a 
. 0 2 
. 0 1 
. 04 
. 0 3 
. 0 3 
. 0 6 
. 1 3 
. 1 6 
. 1 6 
. 1 8 
. 1 6 
. 1 9 
. 1 7 
-
8 ........... btl 
s:: 
� 
s:: 0 � � 
� rn � btl 0 � 
� 
3 • HF'T 
2.5  � F'DT 
2 
1 . 5 
1 
0 . 5  
0 
2 . 9 1 6  23 30 7 14  2 1  28 4 1 1  1 8  24 
�� 
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�� �� 
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Date 
Fig . 7 .  M e a n  p ro g e s te ro n e  l eve l s  ove r ti m e  by b re e d . 
Time and time by treatment interactions for progesterone levels 
(table 5) were significant (P < .01) as expected. Figure 8 graphically depicts the 
increase in progesterone level over time by treatment. A significant three-way 
interaction was reported for time by treatment by breed (P < .01) [table 6] . 
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� 00 
Week 
June 2 
June 9 
June 1 6  
June 2 3  
June 3 0  
July 7 
July 14 
July 2 1  
July 2 8  
Augus t 4 
Augus t 1 1  
Augus t 1 8  
Augus t 24 
8S tandard 
TABLE 5 .  LEAST - SQUARES MEANS AND STANDARD ERRORS FOR 
PROGESTERONE LEVEL OVER TIME BY TREATMENT 
Proges te rone a ngLrnl 
Tre atment 
ND + RI 8L : l6D _lill_ ND + M 
0 . 1 9b 0 . 09b 0 . 0 9b 0 . 0 9b 
0 . 0 6b o . 05b 0 . 04b 0 . 0 7 b 
0 . 1 9b 0 . 1 2b 0 . 0 9b 0 . 0 8b 
0 . 1 2b 0 .  20b 0 . 1 5b 0 . 1 2b 
0 . 0 9b 0 . l lb 0 . 14b 0 . 1 2b 
0 .  2 6b 0 . 1 8b 0 .  3 0b 0 .  2 2b 
1 . 2 lbc 1 .  6 3c 0 .  9 0b 1 .  6 6c 
1 .  3 8b 1 .  57b 1 . 42b 1 . 42 b 
1 .  7 9c 1 .  06b 1 . 3 5bc 1 .  5 5  be 
2 .  5 6c 2 .  7 3c 1 .  8 6b 2 . 4 8bc 
2 . 34bc 2 .  8 1c 1 .  70b 2 .  6 0c 
3 . - 1 5cd 2 .  6 7bd 2 .  2 6b 3 .  3 9c 
2 .  9 1c 3 .  o oc 2 .  20b 2 . 8 4bc 
e rrors b e tween treatments within t ime . 
S . E . -
. 0 3 
. 0 2 
. 0 6 
. 0 5 
. . 04 
. 0 8 
. 1 8 
. 2 2 
. 2 3 
. 2 5 
. 2 3 
. 2 7 
. 2 5 
b,c,dMeans with d i fferent supe rscripts wi th in a row d i ffe r ( P< . 0 5 ) . 
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a 
Date 
June 2 
June 9 
June 1 6  
June 2 3  
June 3 0  
July 7 
July 14 
July 2 1  
July 28 
Augus t 4 
Augus t 1 1  
Augus t 18 
Augus t 24 
8S tandard 
TABLE 6 .  LEAST - SQUARES MEANS AND STANDARD ERRORS 
PROGESTERONE LEVEL OVER TIME BY 
TREATMENT WITHIN BREED 
Proge s te rone 1 ngLm1 
Tre atment 
Breed NO + RI 8 L :  1 6 D  Jill_ ND + M 
HFT 0 . 1 1 0 . 0 8 0 . 0 9 0 . 10 
FDT 0 . 2 8 0 . 10 0 . 0 9 0 . 0 8 
HFT 0 . 04 0 . 03 0 . 0 5 0 . 0 5 
FDT 0 . 09 0 . 06 0 . 0 3 0 . 0 9 
HFT 0 . 1 7 0 . 0 8 0 . 1 1 0 . 0 9 
FDT 0 . 2 2 0 . 1 7 0 . 0 6 0 . 0 7 
HFT 0 . 12 0 . 2 8 0 . 1 5 0 . 14 
FDT 0 . 1 3 0 . 12 0 . 1 5 0 . 1 1 
HFT 0 . 09 0 . 1 6 0 . 0 9 0 . 0 9 
FDT 0 . 10 0 . 06 0 . 1 8 0 . 1 5 
HFT 0 . 2 9 0 . 20 0 . 1 0 0 . 2 0 
FDT 0 . 24 0 . 1 8 0 . 4 9 0 . 2 4 
HFT 0 . 7 3 1 . 6 7 1 . 0 6 2 . 0 5 
FDT 1 . 6 9 1 . 5 9 0 . 7 4 1 . 2 7 
HFT 1 . 3 9 . 1 . 1 5 1 . 5 6 1 . 44 
FDT 1 . 3 7 2 . 00 1 . 2 7 1 . 40 
HFT 1 . 7 2 1 . 2 6 1 . 3 3 2 . 1 0 
FDT 1 . 8 7 0 . 8 5 1 . 3 7 0 . 9 9  
HFT 2 . 1 2 2 . 6 7 1 . 5 5 2 . 7 1 
FDT 2 . 9 9  2 . 7 9 2 . 1 7 2 . 2 5 
HFT 2 . 0 6 2 . 5 0 1 . 3 0 2 . 9 0 
FDT 2 . 6 1 3 . 1 2 2 . 1 1 2 . 2 9 
HFT 2 . 3 1 3 . 3 1 2 . ·6 0  4 . 0 1 
FDT 2 . 9 8 2 . 7 3 2 . 4 8 2 . 7 8 
HFT 2 . 6 6 3 . 1 3 1 . 7 6 3 . 2 7 
FDT 3 . 1 5 2 . 8 8 2 . 6 3 · 2 . 44 
errors b e tween treatment and breed w i thin t ime . 
FOR 
S . E . -
. 04 
. 0 3 
. 0 8 
. 0 7 
. 0 6 
. 1 2 
. 2 5 
. 3 2 
. 3 2 
. 3 6 
. 3 3 
. 3 9 
. 3 5 
50 
a 
. -
5 1  
There were n o  significant ( P  > .05) main effects detected for melatonin 
levels. The levels for each breed and each treatment are reported (table 7) . 
The ND ewes had a slightly lower mean level of melatonin ( 464 pg/ml) than the 
other three groups (541, 500 and 560 for the ND + RI, 8L:1 6D and ND + M 
ewes, respectively). This is expected as the treated ewes (ND + RI and 
ND + M) were receiving exogenous melatonin. The 8L: 16D ewes would secrete 
higher levels of melatonin than the control ewes, as the data shows, because of 
the increase in darkness as compared to the control ewes who were under 
natural daylight conditions. There was a significant (P < .05) time and time by 
treatment interaction which is shown in table 8. 
TABLE 7 .  LEAST - SQUARES MEANS FOR MELATONIN LEVEL BY BREED 
( S . E . -1 9 . 1 1 )  AND BY TREATMENT ( S . E . -1 3 . 5 1 )  
Breed 
HFT 
FDT 
Tre atment 
ND + RI 
8L : 1 6 D  
ND 
ND + M 
Me l atonin . pg/ml 
5 1 6 
5 1 7 
5 4 1  
5 00 
464 
5 60 
TABLE 8 .  LEAS T - SQUARES MEANS AND STANDARD ERRORS FOR MElATONIN 
LEVEL OVER TIME BY TREATMENT 
Me latonin� �gLrnl 
Treatment 
Date ND + RI 8L : l 6 D  ND ND + M S . E . -
June 2 6 6 9bc 446def 3 6 8de 5 6 2def 46 
June 9 9 0 3b 9 3 3b 1 0 3 lb 1 044b 6 3 
June 1 6  6 3 8b 4 7 8b 4 7 6b 6 0 9b 6 1  
June 3 0 7 6 6b 7 7 lb 7 0 6b 7 2 6b 6 5  
July 7 6 1 3bd 54lbc 48 9c 7 0 1d 3 8 
July 14 244b 2 2 2b 1 8 6b 2 5 3b 5 9 
July 2 1  464b 2 5 7c 3 3 0bc 3 6 8bc 54 
July 2 8  6 5 8b 6 5 8b 5 7 6b 6 6 lb 8 7  
Augus t 4 3 2 8b 1 7 6b 1 7 7b 1 9 6c 34 
Augus t 1 1  5 1 7b 9 0 5 b 4 1 6b 7 6 9b 2 1 9 
Augus t 1 8  3 9 8b 3 6 3 b - 3 9 0b 4 6 2b 3 7  
Augus t 24 2 9 0b 247b 4 1 7b 3 6 9b 47' 
a S tandard e rrors b e tween treatments with in time . 
b,c,d,e,t Means w i th di ffe rent supers crip t s  wi thin a row di ffe r ( P< .  0 5 ) . 
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There w�re no breed, treatment, or two-way interaction effects (P > .05) 
for the mean number of days to first breeding mark which ranged from 16 for 
the 8L: 16D ewes to 24 for the ND + RI ewes (table 9). These results are in 
agreement with Arendt and coworkers (1983) in which the onset of estrus in the 
8L: 16D treatment did not significantly differ from that of the melatonin-treated 
ewes. Differences among treatments were observed for the mean number of 
breeding marks. Ewes under 8L: 16D had a greater (P < .05)  number of breeding 
marks (2.29) than the other three treatment groups ( 1 . 13, 1 .21  and 1 . 19 for 
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ND + RI, ND and ND + M ewes, respectively). The increased number of 
breeding marks for the 8L:16D ewes may have been a result of their 
environment. They were housed in the Animal Science Complex in a room 
allowing for less square feet per head. Under these conditions, the rams may 
have made a greater number of false matings than the rams housed outside. 
Only 14 of 21 control ewes were recorded as being serviced, whereas the 
ND + RI, 8L: 16D and ND + M treatment groups had more ewes serviced (17, 
21  and 16, respectively). 
TABLE 9 .  EFFECT OF TREATMENT AND BREED ON AVERAG E DAYS TO 
FIRST BREEDING MARK AND NUMBER O F  MARKS 
Breed 
HFT 
FDT 
Treatment 
ND + RI 
8 L : l 6 D  
ND 
ND + M 
Total 
no . 
ewe s 
4 1  
4 2  
2 0  
2 1  
2 1  
2 1  
No . 
ewe s 
marked 
3 1  
34 
17 
2 1  
14 
16 
a Leas t s quar e s  me ans ± s tandard errors . 
Days t o  
fir s t marka 
2 3  + 1 . 9 
2 0  + 1 . 6  
24 + 2 . 4 
1 6  + 2 . 1  
2 2  + 2 . 9  
2 3  + 2 . 4 
b Data was analyzed us ing categor ical data analys i s . 
No . o f  marks 
per ewe 
exp o s e db 
1 . 1 38 
2 .  2 9d 
1 .  2 1  e 
1 . 1 98 
��e Me ans with di ffe rent supersc ripts within breed and treatment d i ffe r  
( P< . O S ) . 
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No breed, treatment, or two-way interaction effects were present for 
date of conception, lambing date or percent lambing (P > .05) . Mean lambing 
dates ranged from December 17 for the 8L: 16D ewes to December 20 for the 
N + RI and the ND ewes (table 10).  Percentages of ewes lambing were 90, 
100, 81 and 81  for the ND + RI, 8L: 16D, ND and ND + M ewes, respectively. 
Lambs born per ewe lambing were not different among treatments or between 
breeds. Stellflug and coworkers (1988) did not observe significant differences 
due to treatment for number of lambs born per ewe lambing when they fed or 
implanted melatonin. The number of lambs born was 1. 72 for the ND + RI 
ewes, 1 .67 for the· 8L: 16D ewes, 1 .47 for the control ewes and 1 .71 for the 
ND + M ewes. Although these data show no significant differences, the 
melatonin and artificial photoperiod ewes had a slightly higher number of lambs 
born than the control ewes (figure 9). This may be due to reduced ovulation 
rates associated 'Yith the increase in daylength. 
Fig. 9.  Effect of  treatment on  percent lambing 
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TABLE 1 0 . EFFECT OF BREED AND TREATMENT ON MEAN DATE OF 
CONCEPTION , MEAN LAMB ING DATE , PERCENT EWES LAMB ING 
AND MEAN NO . LAMBS BORN 
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Total 
No . ewe s 
Concep t i on 
datea.b 
Lamb ing 
datea,b,c 
P e r c ent 
l amb ing 
No . lamb s 
born · 
Breed 
HFT 4 1  2 0 6  ± 1 . 4 3 54 ± 1 . 4 9 3 1 . 54 
FDT 4 2  204 ± 1 . 5  3 5 2  ± 1 . 5  8 3  1 . 3 6 
Tre atment 
ND + RI 2 0 . 2 0 6  + 2 . 0  3 54 + 2 . 0 . 9 0 1 . 7 2 -
8L : l 6 D  2 1  2 0 2  + 1 . 9 3 5 0 + 1 . 9 1 0 0  1 . 6 7 
ND 2 1  2 0 6  + 2 . 1  3 54 + 2 . 1  8 1  1 . 4 7 
ND + M 2 1  2 0 3  + 2 . 1  3 5 1  + 2 . 1  8 1  1 . 7 1 
8Leas t - s quare s me ans + S . E .  
bLamb ing to expo sure dur ing treatment period . 
cGre go r i an date . J anuary 1 = 1 .  
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There was a significant treatment by breed interaction for kilograms of 
lamb produced per ewe (P< .01). Finn-Dorset x Targhee (PDT) ewes produced 
a mean of 8.37 kilograms of lamb per ewe, and the Hampshire x Finn-Targhee 
(HFT) ewes produced a mean of 8. 15 kilograms of lamb per ewe (table 1 1  ). 
The ND + Rl, 8L: 16D, ND and ND + M ewes produced means of 8.36, 8.27, 
8. 1 1  and 8.29 kilograms of lamb per ewe, respectively. This is expected as it 
corresponds with the number of lambs born per ewe, the treated ewes having a 
higher number of lambs born than the control ewes (table 10). The treated 
ewes appear to have a higher ovulation rate than the control ewes. 
TABLE 1 1 . EFFECT OF BREED AND TREATMENT ON 
KILOGRAMS OF LAMB PRODUCED PER EWE 
Total No . ewe s 
no . ewe s lambed Lamb b o rn (kg)• 
Breed 
HFT 41 38 8 . 1 5 + 0 . 74 
FDT 42 3.5 8 . 3 7 + 0 . 7 7 
Treatment 
ND + RI 20 18 8 . 3 6 + 1 . 0 7 
8 L : l 6 D  2 1  2 1  8 . 2 7 + 0 . 9 8 
ND 2 1  1 7  8 . 1 1 + 1 . 0 9 -
ND + M 2 1  1 7  8 . 2 9 + 1 . 1 1 -
8Le as t - s quares means ± s tandard errors .  
bBreed e ffe c t  ( P< . O l ) . 
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CONCLUSION 
Extended dark (8L: 16D) treatment resulted in 100% of the exposed 
ewes lambing while the 8L: l6D and melatonin treated ewes had slightly higher 
lambing rates than the controls. The control ewes in this study exhibited higher 
than expected reproductive performances, which along with the small numbers 
per treatment may account for the lack of significant treatment effects. 
However, the results of this experiment indicate that it is possible to hasten the 
onset of estrus in the ewe. 
The use of melatonin as a means of increasing the reproductive 
performance of the ewe may someday, with further research, become economical 
and practical to the sheep producer. Artificial photoperiod can be employed by 
producers if their facilities are suitable. 
There is still more research that needs to be transacted with melatonin 
before it can be employed by sheep producers throughout the world, but the 
future does look encouraging. 
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APPENDIX 
TABLE 1 .  LEAST - SQUARES ANALYS I S  OF VARIANCE 
FOR INITIAL EWE WEIGHT 
S ourc e  o f  var i a t i on DF Mean . s quares• F 
Treatment 3 108 . 7 0 0 . 4 6 
Breed 1 6 1 8 2 . 42 2 6 . 2 6 
Treatment * Breed 3 149 . 2 1 0 . 6 3 
Error 7 5  2 3 5 . 46 
•Mean s quare s  c a l culated from SAS GLM Type I I I  sums o f  s quare s . 
TABLE 2 .  LEAST - SQUARES ANALYS I S  OF VARIANCE 
FOR FINAL EWE WEIGHT 
S ourc e  o f  var iat ion DF Me an squares• F 
Treatment 3 40 6 . 6 7 1 . 6 7 
Breed 1 8 1 3 9 . 9 1 3 3 . 3 8 
Tre atment * Breed 3 1 7 1 . 6 9 0 . 7 0 
Error 7 5  24 3 . 8 3 
4Mean s quare s calculated from SAS GLM Type I I I  sums o f  s quare s . 
TABLE 3 .  LEAST SQUARES ANALYS I S  OF VARIANC E 
FOR EWE . WEIGHT CHANG E 
S ource o f  var i a t i on DF Mean squares• F 
Tre atment 3 1 1 7 . 1 5 2 . 0 8 
Breed 1 1 34 . 40 2 . 3 9 
Treatment * Breed 3 1 5 . 6 1 0 . 2 8 
Erro r 7 5  5 6 . 2 0 
8Mean squares c a lculated from SAS GLM Type I I I  sums o f  s quare � .  
68 
Prob . 
. 7 0 9 9  
. 0001 
. 5 9 5 6  
Prob . 
. 18 1 1  
. 0001 
. 5 5 2 5  
Prob . 
. 10 94 
. 12 6 2  
. 8 413 
TABLE 4 .  REPEATED MEASURES ANALYS I S  FOR PROGESTERONE LEVELS 
OVER T IME B ETWEEN SUBJ ECT EFFECTS AND WITHIN SUBJ ECT EFFECTS 
S ourc e  of var iat ion DF Mean s quar e s  F 
Treatment 1 3  6 . 12 3 . 2 2 
Breed 1 0 . 1 8 0 . 10 
Breed * Treatment 3 5 . 3 8 2 . 8 3 
Error 7 5  1 . 90 
T ime 1 2  1 0 3 . 09 1 8 9 . 8 9 
T ime * Treatment 3 6  1 . 24 2 . 2 9 
T ime * Breed 12 0 . 6 9 1 . 2 7 
Time * Breed * Treatment 3 6  0 . 8 7 1 . 6 0 
Erro r ( T ime ) 9 00 0 . 54 
TABLE 5 .  REPEATED MEASURES ANALYS I S  FOR MELATONI N  LEVELS OVER 
TIME B ETWEEN SUBJ ECT EFFECTS AND WITHIN SUBJ ECT EFFECTS 
S ourc e  of var ia t ion DF Me an s quares F 
Treatment 3 3 5 17 2 6 . 4 8 2 . 44 
Bre e d  1 2 1 6 . 3 2 0 . 0 0 
Breed * Treatment 3 2 6 3 9 5 . 6 1 0 . 1 8 
Error 5 8  
T ime 1 1  320 7 5 9 0 . 5 0 2 9 . 8 3 
T ime * Tre atmen t  3 3  12 9 6 3 2 . 9 6 1 . 2 1 
T ime * Breed 11 2 6 8 1 24 . 44 ' 2 . 4 9 
T ime * Breed * Treatment 3 3  1 3 3 0 2 9 . 7 3 1 . 24 
Error ( T ime ) 6 3 8  1 0 7 5 2 0 . 24 
69 
Prob . 
. 0 2 7 3  
. 7 5 6 8  
. 04 3 8  
. 0  
. 00 1 8  
. 2 6 6 6  
. 0 548 
Prob . 
. 0 7 3 7  
. 9 6 9 3 
. 9 0 7 6  
. 0 001 
. 2 9 2 6  
. 0 5 9 3 
. 2 7 3 2  
TABLE 6 .  LEAST - SQUARES ANALYS I S  O F  VARIANCE 
FOR DAYS TO FIRST MARK 
S ourc e  o f  var i a t i on DF Mean s quare s• F 
Treatment 3 2 6 3 . 8 7 2 . 7 3 
Breed 1 8 3 . 14 0 . 8 6 
Trea tment * Breed 3 6 6 . 8 7 0 . 6 9 
Error 60 9 6 . 6 6 
•Me an s quar e s  c al cul ated from SAS GLM Type I I I  sums o f  s quare s .  
TABLE 7 .  CHI - SQUARES ANALYS I S  OF VARIANCE 
FOR NUMBER OF MARKS PER EWE EXPOS ED• 
S ource o f  var iat i on 
ND + RI vs ND 
ND + M vs ND + RI and ND 
8L : l 6 D  vs ND +RI , ND and ND + M 
Like l ihoo d  Rat io 
�re atment respons e measure d .  
OF 
1 
1 
1 
0 
Ch i - s quare 
0 . 2 3 
0 . 0 1 
8 . 6 3 
- 0 . 00 
TABLE 8 .  CHI - SQUARES ANALYS I S  OF VARIANCE 
FOR NUMBER OF MARKS PER EWE EXPOS ED• 
S ource of var i a t i on OF Chi - square 
Tre atment 3 8 . 7 7 
Breed 1 0 . 04 
Like l ihoo d  rat i o  3 0 . 9 7 
srreatment * b re e d  respons e measure d .  
70 
Prob . 
0 . 05 17 
0 . 3 5 74 
0 . 5 6 0 6  
Prob . 
0 . 6 3 1 3  
0 . 9 345 
0 . 00 3 3  
1 . 0000 
Prob . 
0 . 0 3 2 5  
0 . 8 3 6 6  
0 . 8 0 7 5  
TABLE 9 .  LEAST SQUARES ANALYS I S  O F  VARIANCE 
FOR DATE OF CONCEPTION AND LAMBING DATE 
S ource o f  var i a t i on DF Mean s quares• F 
Treatment 3 4 8 . 7 1 0 . 6 7 
Bre e d  1 94 . 74 1 . 3 0 
Treatment * Bre e d  3 5 9 . 7 5 0 . 8 2 
Error 65 7 2 . 8 7 
•Mean s quare s c a l culated from SAS GLM Type I I I  sums o f  s quare s . 
TABLE 10 . CHI - SQUARES ANALYS I S  O F  VARIANCE 
FOR PERCENT LAMB ING• 
S ource of Var i a t ion 
Treatment 
Bre e d  
Like l ihood r a t i o  
D F  
3 
1 
3 
•Treatment * breed re spons e measure d .  
Ch i - s quare 
0 . 6 3 
0 . 2 3 
0 . 7 8 
TABLE 1 1 . CHI - SQUARES ANALYS I S  OF VARIANCE 
FOR NUMBER OF LAMBS BORN PER EWE EXPOS ED• 
S ource of var i a t ion DF Ch i - s quar e  
Treatment 3 1 . 8 6 
Breed 1 0 . 42 
Like l ihood rat i o  3 2 . 3 6 
•Treatment * b re e d  respons e measured .  
71 
Prob . 
0 . 5 745 
0 . 2 5 84 
0 . 48 7 5  
Prob . 
0 . 8 9 0 3 
0 . 6 3 2 8  
0 . 8 5 3 8 
Prob . 
0 . 6 0 2 1  
0 . 5 1 7 8 
0 . 5 0 1 8  
. . 
TABLE 1 2 . CHI - S QUARES ANALYS I S  OF VARIANCE 
FOR NUMBER OF LAMBS BORN PER EWE LAMBI NG• 
S ource of vari a t i on 
Tre atment 
Breed 
Like l ihood ratio 
OF 
3 
1 
3 
Chi - square 
0 . 5 0 
0 . 0 1 
1 . 4 2 
�re atment * breed response me asure d .  
TABLE 1 3 . LEAST SQUARES ANALYS I S  O F  VARIANCE 
FOR KI LOGRAMS OF LAMB PRODUCED PER EWE 
S ource of var iat ion OF Me an s quares• F 
Treatment 3 0 . 9 5 0 . 0 5 
Breed 1 4 . 3 7 0 . 2 1 
Treatment * Breed 3 9 3 . 3 8 4 . 5 7 
Error 65 20 . 44 
8Mean s quare s calculated from SAS GLM Type I I I  sums o f  s quare s .  
Prob . 
0 . 9 1 8 2  
0 . 9 2 6 3  
0 . 7010 
72 
Prob . 
. 9 8 6 5  
. 6452 
. 00 5 8  
